RL-TR-96-151 
Final  Technical  Report 
July  1996 


IMAGING  THROUGH  FIBERS 


University  of  Michigan 
Emmett  N.  Leith 


APPROVED  FOR  PUBUC  RELEASE;  D/STR/BUT/ON  UNLIMITED. 


19961008  004 


Rome  Laboratory 
Air  Force  Materiel  Command 
Rome,  New  York 


This  report  has  been  reviewed  by  the  Rome  Laboratory  Public  Affairs  Office  (PA)  and  is 
releasable  to  the  National  Technical  Information  Service  (NTIS).  At  NTIS,  it  will  be  releasable 
to  the  general  public,  including  foreign  nations. 

RL-TR-  96-151  has  been  reviewed  and  is  approved  for  publication. 


APPROVED; 


REINHARD  ERDMANN 
Project  Engineer 


FOR  THE  COMMANDER: 


DONALD  W.  HANSON,  Director 
Surveillance  &  Photonics 


If  your  address  has  changed  or  if  you  wish  to  be  removed  from  the  Rome  Laboratory  mailing  list, 
or  if  the  addressee  is  no  longer  employed  by  your  organization,  please  notify  Rome  Laboratory/ 

(  OCPA  ),  Rome  NY  13441.  This  will  assist  us  in  maintaining  a  current  mailing  list. 

Do  not  return  copies  of  this  report  unless  contractual  obligations  or  notices  on  a  specific 
document  require  that  it  be  returned. 


REPORT  DOCUMENTATION  PAGE 


P%^>«nrq&udH^famiedKaantf  IrtarmaanaMmMdBamgii  Hbl>b»  iirrm  r 
gatwr^andrrararrgdvdainHM  ideorTqarydnwlur^XieBiMlBntfXuiitri 
celwlonrfHgrfdu\rdUi>-iq«mg1oa>otnaxrqiWi6ndg\tBWiat^uilit«t1n 
Om/li  StJm  <261,  A/ti0anWma-43az  ndta»iOllfa«rfl>l«T«gTwt«naaudOB.^i 


1.  AGENCY  USE  ONLY  <Lmv«  Blank)  2.  REPOfTT  DATE 

July  1996 


4.  TITLE  AND  SUBTITIE 

IMAGING  THROUGH  FIBERS 


&  AUTVIOR(S) 

Emmett  N.  Leith 


7.  PERFORMING  ORGANIZATION  NAME($)  AND  ADORE$S(E$) 

University  of  Michigan 

Dept,  of  Engineering  &  Computer  Science 

1301  Beal  Avenue 

rbor  MI  48109-2122 _ _ 


rdurtTgif  amwiwi— r^ramjafcra.  MMaig  aarg  daa  toLnw 
r\  Sand  aamana  w  tuda^  MTna  or  arw  Mpu  of  Via 

wSaryteaaOHagttortuiiadcnOBarlgaa-Bnipjva.  msjafvaen 
Vicawoifc  Hat  rtIn'iPfoaa  (PO*-^  W.  V*«**miv  DC  _ 


a  REPORT  TYPE  AND  OATES  COVERED 

Final  Mar  94  -  Nov  94 


&  FUNOMQ  NUMBERS 

C  -  F30602-94-C-0059 
___  PE  -  62702F 
PR  -  4600 
TA  -  P4 
WU  -  PB 


a  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


ft  SPONSORINGAWNn’ORfiG  AGENCY  NAME(S)  AND  ADORESS(ES) 

Rome  Laboratory /OCPA 

25  Electronic  Pkwy 

Rome  NY  13441-4515 

ia  SPONSORINGI^IONfTORING 

AGENCY  REPORT  NUMBER 

RL-TR-96-151 

1 1 .  SUPPIEMENTARY  NOTES 

Rome  Laboratory  Project  Engineer:  Reinhard  Erdmann/OCPA/ (315)330-4455 

1  2il  DISTRBUDON/AVAftABUTY  STATEMENT 

12t».  DISTReURON  CODE 

Approved  for  public  release;  distribution  unlimited. 

ia  ABSTRACTIMaarwnaDOaoda 

An  image  is  relayed  in  parallel  over  single  mode  optical  fiber  using  the  principles 
of  physical  optics  (Holography).  This  is  in  contrast  to  all  conventional  fiber 
optic  signal  processing,  which  first  converts  all  information  into  a  sequential 
stream  of  bits  or  analog  data.  At  this  stage,  a  bundle  is  used  only  for 
intensification,  and  the  required  reference  signal  is  sent  separately  in  free 
space.  Future  work  will  Incorporate  even  these  last  two  system  components  into 
one  single  mode  fiber.  This  is  the  first  time  this  has  been  accomplished. 


14.  SUBJECT  TERM# 

Fiber  optics.  Holography,  Fiber  imaging 


11  Of  P 

upwcccooe" 


17  SECURITY  CLASSrtCATION  ia  SECURITY  CLASSFICATION  1ft  SECURRY  CLASSFICATTON  2a  LMTATION  OF  ABSTRACT 
’  OF  REPORT  0*^  "MS  PAGE  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED _  UNCLASSIFIED  TIT, 

714001 -zn^aoo  SSSSao^si  sia  ;»  • 


TABLE  OF  CONTENTS 


Introduction 
Work  Accomplished 
Conclusion 
References 

Figure  1.  System  for  transmitting  3-D  images  through  single 
mode  fiber 


Figure  2.  Experimental  results 


Introduction 


There  are  two  usual  ways  to  transmit  information  on  a  fiber  or  fiber 
bundle.  The  signal  may  be  treated  as  the  optical  analog  of  an  electrical 
signal,  and  transmitted  just  as  an  electrical  signal  is  transmitted  over  wire. 
Alternatively,  an  object  could  be  imaged  onto  the  surface  of  a  fiber  bundle, 
as  in  a  fibroscope.  We  are  concerned  with  other,  more  experimental 
methods.  Several  such  methods  have  been  suggested[l-6].  Phase 
conjugation  is  one  such  method.  Another  is  to  have  each  mode  of  a 
multichannel  fiber  transmit  a  different  pixel  element  of  the  object  scene. 
Still  another  is  to  transmit  a  broad  band  of  wavelengths,  with  each  pixel 
being  carried  on  a  different  wavelength. 

Work  Accomplished 

We  conceived  and  demonstrated  a  method  of  imaging  through  a  fiber 
using  broad  source  holographic  principles.  Here,  each  element  of  an 
extended  source  carries  a  different  pixel  element  or  a  different  Fourier 
component  of  the  image.  In  this  method,  an  image  can  be  carried  on  either 
a  single  fiber  or  a  bundle  of  fibers.  The  fibers  can  be  either  single  or 
multimode. 

The  basic  idea  is  explained  with  the  aid  of  Fig.  1.  Light  from  a 
spatially  incoherent  (i.e.,  extended)  source  illuminates  an  object.  We 
assume  that  the  end  of  the  transmitting  fiber  is  at  the  back  focal  plane  of  a 
lens,  Lj.  If  the  illuminating  source  had  been  spatially  coherent  (a  point 
source)  then  the  object  Fourier  transform  would  be  formed  at  the  back 
focal  plane,  P3,  and  one  component  of  the  Fourier  transform  would  pass 
through  the  fiber  and  emerge  at  the  other  end.  Of  course,  many  Fourier 
components  are  required  to  form  an  image,  and  they  must  all  be  combined 
with  exactly  the  right  phase  relationships.  Now  consider  an  extended 
source;  such  a  source  can  be  regarded  as  being  composed  of  many  point 
sources.  Each  component  point  source  projects  a  Fourier  transform  to  the 
plane  P3,  but  the  Fourier  transforms  are  displaced  from  each  other,  just  as 
the  point  elements  of  the  source  are  displaced  from  each  other.  Each  point 
source  element  thus  images  one  spatial  frequency  component  of  the  object 
onto  the  fiber,  thus  all  spatial  frequency  components  of  the  object  go 
through  the  fiber.  However,  the  spatial  frequency  components,  being 
incoherent  with  each  other,  cannot  combine  coherently  to  form  the  object 
spatial  frequency  spectrum.  To  overcome  this  limitation,  a  portion  of  the 
light  is  split  off  from  the  incident  beam  before  it  reaches  the  object,  and  is 
transmitted  via  another  path  to  a  plane  P4  near  the  exiting  end  of  the 
fiber.  The  two  beams  are  brought  together  to  form  a  hologram.  In  the 
hologram  recording  process,  the  interference  with  the  reference  beam 
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restores  the  missing  phases  to  the  Fourier  components,  so  that  in  the 
reconstruction  process,  all  Fourier  components  are  combined  coherently, 
resulting  in  a  complete,  3-D  image  of  the  original  object  distribution. 

The  theory  of  the  process  is  as  follows.  The  object-  bearing  beam 
consists  of  many  components,  one  for  each  element  of  the  extended  source. 
Each  component  carries  full  information  about  the  Fourier  components  of 
the  object,  and  also  a  random  phase  term  resulting  from  random 
fluctuations  of  the  source  element.  The  reference  beam  carries  no 
information  about  the  object,  but  consists  of  a  component  for  each  element 
of  the  source,  including  the  random  phase  fluctuation.  In  the  interference 
process  between  the  object  and  reference  beams,  all  components  of  the 
reference  beam  combine  with  all  components  of  the  object  beam.  When  an 
element  of  the  object  beam  combines  with  a  reference  beam  element  that 
came  from  a  different  source  element,  there  is  no  correlation  and  the 
product  of  the  two  fields  averages  to  0  and  is  eliminated.  An  object  beam 
element  combining  with  a  reference  beam  component  from  the  same 
source  element  produces  a  strong  correlation,  hence  does  not  average  to  0, 
Indeed,  the  randomizing  phase  element  in  the  beams,  being  perfectly 
correlated,  averages  to  1,  so  that  the  Fourier  component  sheds  its  random 
phase  and  becomes  completely  coherent  with  all  the  other  Fourier 
components.  Thus,  the  Fourier  components  combine  to  form  an  image, 
complete  with  phase  and  thus  3 -dimensional. 

The  theory  has  been  experimentally  verified  by  transmitting  an 
image  through  a  single  12um  fiber.  The  object  consisted  of  three  0.2mm 
wires,  two  of  them  mounted  0.5cm  apart  in  one  plane  (Pj),  and  the  third 
mounted  in  another  plane  5  cm  from  the  other  wires  (P2).  The  third  wire 
was  laterally  positioned  so  as  to  be  imaged  in  between  the  two  wires  in  Pj. 
A  hologram  was  recorded  and  the  images  were  read  out  and  photographed 
with  a  conventional  camera.  Figure  2  shows  the  recorded  images  at  three 
different  planes,  along  with  an  image  of  the  original  object  (Fig.  2a)  and  an 
image  of  the  object  as  seen  through  the  fiber  without  the  holographic 
process  (Fig.  2b).  Figure  2c  is  the  image  with  plane  Pj  in  focus.  Fig.  2d  is 
with  plane  P2  in  focus  and  Fig.  2e  is  an  image  of  a  plane  half  way  between 
Pj  and  P2.  Clearly  both  the  lateral-dimension  information  and  the  depth 
information  have  been  preserved.  We  have,  therefore,  transmitted  the 
complete  optical  field,  including  phase,  which  is  the  requirement  for  3-D 
imaging.  Because  of  insufficient  power,  we  sacrificed  resolution  in  one  of 
the  lateral  dimensions  (the  vertical  dimension.)  This  allowed  the  use  of  a 
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Conclusion 

line  source  instead  of  a  fully  two-dimensionally  broad  source,  thereby 
conserving  light.  The  extension  to  the  other  lateral  dimension  is 
straightforward,  requiring  simply  a  source  broad  in  both  dimensions 
instead  of  a  line  source. 

Conclusion  ,  .  .  . . .  ... 

The  process  requires  rather  large  levels  of  light  input,  since  it  is 
impossible  to  couple  extended  source  light  into  a  single  mode  fiber 
efficiently.  However,  monochromatic  light  of  adequately  high  power  levels 
is  widely  available,  so  low  coupling  efficiency  would  seem  to  be  no 
problem.  Next,  the  goal  of  our  current  research  is  to  similarly  confine  the 
reference  beam  to  a  single  fiber,  instead  of  the  free  space  propagation 
currently  used. 
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Fig.  2.  Experimental  results,  (a)  object  (b)  Image  without  holographic 
process  (c)  Image  with  plane  1  in  focus  (d)  Image  with  plane  2  in  focus 
(e)  Image  with  neither  plane  in  focus. 
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MISSION 

OF 

ROME  LABORATORY 


Mission.  The  mission  of  Rome  Laboratory  is  to  advance  the  science  and 
technologies  of  command,  control,  communications  and  intelligence  and  to 
transition  them  into  systems  to  meet  customer  needs.  To  achieve  this, 
Rome  Lab: 


a.  Conducts  vigorous  research,  development  and  test  programs  in  all 
applicable  technologies; 

b.  Transitions  technology  to  current  and  future  systems  to  improve 
operational  capability,  readiness,  and  supportability; 

c.  Provides  a  full  range  of  technical  support  to  Air  Force  Materiel 
Command  product  centers  and  other  Air  Force  organizations; 

d.  Promotes  transfer  of  technology  to  the  private  sector; 

e.  Maintains  leading  edge  technological  expertise  in  the  areas  of 
surveillance,  communications,  command  and  control,  intelligence,  reliability 
science,  electro-magnetic  technology,  photonics,  signal  processing,  and 
computational  science. 

The  thrust  areas  of  technical  competence  include:  Surveillance, 
Communications,  Command  and  Control,  Intelligence,  Signal  Processing, 
Computer  Science  and  Technology,  Electromagnetic  Technology, 
Photonics  and  Reliability  Sciences. 
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